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IMAGE SENSORS FOR ESTABLISHING AN
IMAGE SHARPNESS VALUE

FIELD OF THE INVENTION

This invention relates to improvements in or relating to
image sensors, and, in particular, to a method of enhancing
the quality of images produced by an image sensor by com-
pensating for camera shake, and to signal processing circuitry
and an image sensing system for carrying out the method.

BACKGROUND OF THE INVENTION

Image quality is understood in a general sense to refer to
the degree of detail that can be discerned from an image, and
the accuracy of reproduction of a scene. The quality of an
image is assessed by measuring various factors, such as image
contrast, image resolution, dynamic range and color render-
ing properties.

Another factor by which an image quality is assessed is
image sharpness. A sharp image is one with well defined
edges, showing high contrast and high resolution properties.

Degradation of image sharpness is known as blurring, and
ablurred image is taken to be an image which does not display
optimal sharpness characteristics. It is to be understood that
no image will exhibit perfect sharpness characteristics, but
for a given object imaged by a given image sensor there will
be a certain maximum sharpness that can be achieved given
the position of the object, the lighting conditions and the
characteristics of the image sensor. A blurred image will be
understood in general to mean any image that does not exhibit
the maximum achievable sharpness in that sense. In practice,
an image may be considered as “blurred” if'its sharpness does
not meet certain predefined criteria, which effectively define
a quantified sharpness threshold that defines an acceptable
sharpness for an image. The threshold can vary according to
application and sensor.

Blurring can be caused by incorrect focus of incident light
onto an image sensing array, arising from a non-optimal posi-
tion and/or shape of lens with respect to an image sensing
array due to incorrect manual setting of focus parameters or
from errors in autofocus and edge detection algorithms.

Another source of blurring arises from undesired motion of
the image sensor during image capture, as arises for example
from motion of the human hand or in cases where the camera
or its user is on an unstable surface. This problem is further
exaggerated if an image is being shot with a long exposure
time, for example in low light conditions. This source of
blurring will hereafter be referred to as “camera shake” for
ease of reference.

Various image stabilization techniques are known for
addressing the problem of camera shake. One category
involves the mechanical movement of a lens or prism, as
controlled by motion sensors so as to reduce or eliminate the
effects of camera shake. However, such systems add consid-
erable complexity and can sometimes consume significant
power.

It is also known to provide various forms of electronic
image stabilization. One such technique involves the capture
ofanumber of images, for example four, and then the raw data
from the four images is analyzed and stitched together to form
a composite image having an optimum sharpness. This tech-
nique yields good results, but requires a frame store, that is, a
memory array that is large enough to store uncompressed
image data of at least one complete image frame. Where a
number of images are captured for comparison, the frame
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store memory must be large enough to store each of the
uncompressed captured images,

The use of a frame store adds considerably to system com-
plexity, cost, power consumption and size. For some devices,
such as high end digital still cameras, these disadvantages can
be accepted. However for some devices these drawbacks are
such that image stabilization cannot be contemplated. For
example, an image sensor that is incorporated in a mobile
telephone cannot typically incorporate such image stabiliza-
tion techniques because manufacturing and industrial pres-
sures to reduce form factor and camera module size mean the
size of the image sensor circuit must be minimized where
possible, and battery life performance requirements mean
that the use of a frame store memory is not desirable.

Furthermore, the stitching algorithms are complex and
require a large amount of digital logic to be implemented,
bringing about similar disadvantages in terms of system com-
plexity, cost, power consumption and size.

Therefore, there is a need for an image sensor that can
account for camera shake such as without the need for a frame
store and/or without the need for computationally complex
stitching algorithms.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is pro-
vided a method of compensating for camera shake compris-
ing reading out a sequential series of images from an image
sensing array, establishing a sharpness value for each of the
images in the series, and performing an image selection on the
basis of the sharpness values.

“Camera shake” encompasses all unwanted movement of a
camera that occurs during an image capture event, that is, a
command initiated by a user or system, the operation of an
image sensing system in response to that command, and the
provision by the image sensing system of an image.

Preferably, the image selection comprises selecting a
single image, which is most preferably the image having an
optimal sharpness value from among the images in the series.
The selected image is then preferably stored in a memory
means or circuitry of an image sensing system for presenta-
tion to a user as the image captured by the image sensing
system.

Alternatively, the images can be ranked in order of sharp-
ness value, and a plurality of images can be presented to a user
in ranked order. Most preferably, the user then selects one or
more of the presented images for permanent storage. The
presented images can be displayed in a composite thumbnail
view on a display screen associated with or forming part of an
image sensing system.

The sharpness value for an image is preferably established
by analyzing the frequency components of the image,
wherein a high sharpness value corresponds to a high propor-
tion of high frequency content in the image.

The sharpness value may be established from an analysis of
a sub-portion of image data generated by the image sensing
array. Preferably, the sharpness value for an image is calcu-
lated prior to the readout of that image being completed. The
image selection is performed on the fly by writing image data
into a buffer and controlling the contents of the buffer.

Once a new image is identified as comprising a sharpness
value higher than a preceding image, the buffer is enabled to
overwrite the previous image data with the new image data.
An image compression step is performed prior to the writing
of'the image data into the buffer. The size of the compressed
image provides a measure of the high frequency content.
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The sharpness value is derived from the uncompressed
image data. The sequential series of images comprise
between five and fifteen images taken over a time period
between 100 and 1000 milliseconds, and most preferably ten
images taken over a period of 300-350 milliseconds.

According to a second aspect of the invention, there is
provided a signal processing means or circuitry comprising
means or circuitry for receiving a sequential series of images
from an image sensing array, controller means or circuitry for
establishing a sharpness value for each of the images in the
series, and output means or circuitry for outputting one or
more of the images, wherein the sequence of images are those
received during a single image capture event.

The controller means or circuitry comprises image selec-
tion means or circuitry for selecting a single image from the
series to be output, which is most preferably the image iden-
tified as having an optimal sharpness value from among the
images in the series. Alternatively, the controller means or
circuitry comprises ranking means or circuitry for associating
a sharpness value with each image and defining a rank order,
and the output means or circuitry outputs the entire series of
images.

The means or circuitry for receiving a sequential series of
images comprises a memory means or circuitry, which most
preferably comprises a butfer for storage of part of an image.
The signal processing means or circuitry is provided as a
co-processor operable with an image sensing array. Alterna-
tively, the signal processing means or circuitry is provided on
the same chip as an image sensing array.

According to a third aspect of the invention, there is pro-
vided an image sensing system which can compensate for
camera shake, comprising an image sensing array, a signal
processing means or circuitry according to the second aspect,
and a baseband processor arranged to receive the image or
images output from the signal processing means or circuitry.

The baseband processor is arranged to initiate a request for
an image or a series of images. The baseband processor com-
prises a controller that ranks the series of images in terms of
sharpness. The baseband processor comprises a controller
that stores only the sharpest image from the sequence.

According to further aspects the invention provides for any
of'adigital still camera, a camera foruse with a mobile phone,
awebcam, an optical mouse, and a barcode reader comprising
a signal processing means or circuitry of the second aspect,
any of which may be incorporated within the image sensing
system of the third aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one embodiment in
accordance with the invention;

FIG. 2 is a block diagram illustrating a variation of the
embodiment shown in FIG. 1;

FIG. 3 shows an image sensing system comprising the
signal processing means or circuitry shown in FIG. 2; and

FIGS. 4 to 6 show further versions of image sensing system
which illustrate selected alternative implementation details,
in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The figures and text of this application describe a method
and system that enable, for a given image capture event, the
taking of a rapid series of images, and, performance of an
image selection on the basis of the relative sharpness of the
images. In analyzing a rapid series of images taken with a
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hand-held camera, it has been established that the involuntary
hand motion of a person follows a typical pattern within
which there may be short periods of approximately zero
motion. Thus, by taking a rapid series of images and exam-
ining these for sharpness, there is a high probability that an
image without little or no camera motion may be found. It is
believed that good results may be achieved by taking ten or so
images at a rate of 30 frames per second, that is ten frames
over a period of ¥4 second. However, it is to be appreciated
that the approach is not limited to a particular number of
images or particular frame rate. The appropriate number of
images and frame rate can be chosen according to the device
in which the imaging system is to be incorporated, and
according to exposure, light conditions and so on and so forth.

Referring to FIG. 1, a signal processing means or circuitry
10 comprises a receiver 12 for communication with an image
sensing array, which provides image data at input 13. The
received data is analyzed by a controller 14 and is stored in a
memory 16 as will be described in more detail later. The
receiver 12 and the memory 16 together form a means or
circuitry for receiving a sequential series of images from an
image sensing array.

The controller 14 is in communication with the memory 16
to control memory read and write operations. The controller
14 can also be in communication with an outside processor
(not shown) via output 18 for the transmission of control
signals. A transmitter 20 is provided to transmit image data
from the processing means or circuitry 10 via output 22, as
will be discussed in more detail below.

FIG. 2 shows a modification of the embodiment shown in
FIG. 1, therefore like reference numerals are used to describe
similar components. The modified signal processing means
or circuitry 24 comprises a video compression circuit 26
interposed between the receiver 12 and the buffer 16 which
acts as an image compression means or circuitry. Typically
JPEG compression may be applied although any other type of
image compression may be chosen.

FIG. 3 shows an image sensing system 30 comprising the
signal processing means or circuitry 24 of FIG. 2 in combi-
nation with an image sensing array 32 and a baseband pro-
cessor 34 (the baseband processor is identified by the hatched
lines). The signal processing means or circuitry 24 is shown
as being interposed between the image sensing array 32 and
baseband processor 34, but other physical or logical arrange-
ments can be implemented.

The image sensing array includes an array of light sensitive
pixels and associated readout electronics for generating
image signals representative of the intensity of light that falls
across the array. The array can be formed by any suitable
processing technology, for example CMOS or a CCD, and
can have any type of architecture.

The baseband processor 34 comprises a baseband control-
ler 36 in communication with the controller 14 of the signal
processing means or circuitry 24, a receiver 38 for receiving
the signals transmitted by the transmitter 20 of the signal
processing means or circuitry 24, and a memory 40 for stor-
age of images and other data.

The signal processing means or circuitry 24 may be pro-
vided as a separate co-processor which sits along the image
sensing array 32, that is, the signal processing means or
circuitry 24 may be formed as a dedicated integrated circuit.
However as an alternative, the image sensing array 32 and
signal processing means or circuitry 24 may be formed as a
signal integrated circuit.

The controller 14 of the signal processing means or cir-
cuitry 10, 24 processes image data to derive a sharpness value
for each of the successive images. The sharpness value is
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calculated by examining the frequency distribution of data in
the overall image. The existence of high frequency variations
of intensity is taken to be indicative of a high level of detail in
the image.

The determination of a sharpness value for an image does
not require that the entire array of data is analyzed. The
analysis and evaluation of a sharpness value can be made
based upon a sub portion of the array. This enables an “on-
the-fly” establishment of a sharpness value, wherein a sharp-
ness value is calculated while the image sensing array is being
read out.

The controller 14 comprises a register 15 for storing sharp-
ness values. Within an image sensing device incorporating the
image sensing system 30 of FIG. 3, the baseband processor 34
governs the initiation of a request for an image to be captured.
There are two main modes of image capture, each involving
an image selection on the basis of established sharpness val-
ues.

A first mode of image capture will now be described with
reference to the architecture shown in FIG. 4, which illus-
trates some further optional implementation details. Again,
the reference numerals will be retained from previous figures
where applicable.

In a mode of image capture that is enabled by the system of
FIG. 4, the baseband 60 requests a single frame from the
signal processing means or circuitry 24, in response to an
image capture request initiated by a user or by other means or
circuitry such as an automated control system. An image
selection is then performed by the signal processing means or
circuitry 24 to provide a chosen image to the baseband 60,
selected from a series of images.

The signal processing means or circuitry 24 starts writing
data from the image sensing array 32 into a first buffer 50 of
a memory 16. Simultaneously, the controller 14 gathers sta-
tistics from the incoming image data in order to analyze the
frequency variation of data across the array. When the buffer
is filled up to a predetermined point, the controller 14 then
calculates a sharpness value on the basis of the statistics it has
gathered and writes it to the sharpness register 15. The first
frame in the sequence may be stored in the first buffer 50, and
then the second frame in the sequence may be stored in the
second buffer 52. The controller then compares the sharpness
values of the first and second images, and identifies one of the
memory buffers 50, 52 as holding the least sharp image. The
memory buffer that comprises the least sharp image is then
selected and is overwritten with the image data from the next
image in the sequence. Then the two sharpness values of the
images in the buffers are compared once more, and the
memory buffer that then comprises the least sharp image is
selected to be overwritten by the next image. At the end of the
sequence, the memory bufter that contains the sharpest image
is then selected for transmittal to the baseband 60. This image
is the sharpest of the sequence.

This process therefore accounts for blurring in the image
caused by camera shake in that the best possible image from
the sequence is selected. It has been realized that given the
rapid sequence of images there may be at least one image
where there is relatively little effect from the hand motion of
a typical user.

Itisusual, though not essential, for compression to be used.
For this purpose, a video compression circuit 26 can be inter-
posed between the receiver 12 and the buffer 16 which
applies, for example, JPEG compression. This means that
only the compressed image needs to be stored in the buffer 16
so that expensive frame store memories and associated com-
putational stitching algorithms are not required.
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For this implementation each buffer typically has to be of
sufficient size to store one compressed image, although in a
modification a single buffer that is less than twice the size of
a buffer that can hold a full compressed image can be pro-
vided. The size of such a buffer depends on the chosen pre-
determined point at which the controller is set to assign a
sharpness value. Generally, if the predetermined point is 1/n
of a full buffer size (i.e. the size required to store one com-
pressed image), then the single buffer may advantageously be
of the size used to store (1+1/n) entire compressed images.
When a given image in the sequence has a sharpness assigned
to it, the controller 14 compares the newly calculated sharp-
ness with the previously calculated sharpness and if the new
sharpness is greater, then the remaining data from that image
can overwrite the data from the previous image, but if the new
sharpness is smaller, then the remaining data from that image
is ignored.

It is known that for images taken outdoors, the top half is
generally blue sky (or grey cloud if taken in Scotland) and
thus does not hold a lot of high frequency data. However, this
data is also highly compressed by JPEG and other compres-
sion algorithms and so the chosen predetermined point at
which the controller is set to assign a sharpness value will
usually be consistently effective for different types of images,
as it is expressed as a percentage of the memory that is taken
up.
Inthe embodiment of FIG. 4, the transmittal of the sharpest
image to the baseband 60 is achieved via a direct memory
access (DMA) component 54 in communication with a SMIA
compliant transmitter 56. SMIA refers to the Standard Mobile
Imaging Architecture that defines specifications for function-
ality, mechanics, characterization, interface and reliability for
communication between image sensor components defines a
compact camera port (CCP) specification, of which the latest
version at the time of writing is known as CCP2. The SMIA
transmitter 56 sends the selected sharpest image to a corre-
sponding SMIA receiver 58 of the baseband processor 60, this
is then transmitted again optionally by direct memory access
62 to a memory 64 for storage.

In a further optional embodiment, the receiver 12, control-
ler 14 and memory 16 can be in continuous operation, and the
series of images is chosen to be a sequence of images from
both before and after the image capture request. This accounts
for delays in human reaction time or other inaccuracies in the
timing of an image capture request for the capture of a given
image.

In principle any number of frames can be captured in the
series, but, as an example, the sequential series of images may
comprise between five and fifteen images taken over a time
period between 100 and 1000 milliseconds. A further
example option selected from these ranges would be to take
ten images over a period of 300-350 milliseconds.

A second mode of image capture will now be described
with reference to the architecture shown in FIG. 5, which
illustrates some further optional implementation details.
Again, the reference numerals will be retained from previous
figures where applicable.

In this mode the baseband processor 68 requests a
sequence of frames to be transmitted by the signal processing
means or circuitry. An image selection is performed at the
baseband 68 which makes use of sharpness values calculated
by the signal processing means or circuitry 24.

As before, the sharpness value of each frame is written to a
sharpness register 15 using the controller 14, which is trig-
gered when the buffer is filled up to a predetermined point.
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However in the embodiment shown in FIG. 5, the images are
each sent to the baseband 68 as soon as the sharpness value
has been calculated.

This means that the buffer needs to be only of the size to
store 1/n of a compressed image, where the denominator “n”
defines the predetermined point at which an image sharpness
value is calculated. The choice of n is arbitrary, but it does
need to be small enough to give an accurate measure of
sharpness, and in particular a measure that may vary between
successive images. As an example, a three megapixel frame of
image data may typically be compressed by a factor of ten by
JPEG compression to a nominal size of 600 kB, and n could
typically be chosen to be 2.3, i.e. it is judged that enough
information is present to give an accurate sharpness reading
after roughly 40% of the image has been processed. For that
case the size of the memory buffer required would be 256 kB.

The actual value of “n” may vary from image to image, as
the stored size of an image depends on the amount of detail
present in the imaged scene, however the value of the buffer
(256 kB) is chosen based on the value of n being 4 for a
particular image, and the size of 256 kB is acceptable for use
for different images.

The baseband processor 68 comprises a processor control-
ler 70 which then stores the images in memory 72 with their
associated sharpness values. The processor controller 70 can
be further configured to rank the images in terms of their
sharpness and to display them to auser in a ranked order. The
display can make use of thumbnail icons on a display screen,
but the order of presentation or other graphical indications
makes it clear to the user which image is the sharpest. The
user can then select the sharpest image for permanent storage
in the memory 72, and the others can be deleted.

Alternatively, the user can select a different image if' it is the
one that best represents the scene he was trying to capture. For
example, a user may wish to photograph a fast moving object,
and he may wish to select the image that corresponds to the
position of the object being in the center of the frame rather
than using the sharpness as an absolute criteria. Such a
method is used for example in the BestPic™ system marketed
by Sony Ericsson, in which the user is provided with the
possibility of selecting an image from a sequence. However if
the user wants to select the sharpest image, he has no objec-
tive way of knowing which image is sharpest. Furthermore,
images have to be displayed side by side in a thumbnail view
for comparison by the user, and this reduction in displayed
resolution makes it difficult to make a subjective judgement
as to which image is the sharpest.

A modification to the image sensing system of FIG. 5 is
shown in FIG. 6. In this embodiment, the image selection is
again performed at the baseband processor 68, making use of
the sharpness values established by the signal processing
means or circuitry.

However, rather than storing the entire sequence of images
in the memory 72, the baseband processor 68 performs an
image selection in a similar manner to the selection per-
formed by the signal processing means or circuitry 24 as
shown in FIG. 4. The memory 72 comprises a first buffer 74
and second buffer 76. The processor controller 70 keeps track
of which buffer 74,76 contains the sharpest image as the
sequence proceeds, and writes the incoming image into the
bank that currently contains the least sharp image. At the end
of the sequence it then outputs or permanently stores the
sharpest image.

As compared with the system shown in FIG. 4, the system
of FIG. 6 reduces the size of the memory 16 that is required as
part of the signal processing means or circuitry 24, and as
compared with the system shown in FIG. 5, the system of
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FIG. 6 reduces the amount of memory required by the base-
band to process incoming images.

Itis to be appreciated that the above described methods for
compensating for camera shake can be used in combination
with other image processing methods which can be per-
formed by an image sensing system. For example, a focus can
first be set, either manually or by an automated autofocus
algorithm, before the camera shake compensation is applied.
That is to say, in response to an image capture request an
image sensing system can apply an autofocus algorithm to set
the correct lens position and thereafter apply any of the above
methods for camera shake compensation.

It is to be appreciated that the various image sensing sys-
tems and signal processing means or circuitry that are
described above can be incorporated into a wide variety of
devices and serve a wide variety of end uses, for example as
a digital still camera, a camera for use with a mobile phone, a
webcam, an optical mouse, a barcode reader. A person skilled
in the art is familiar with the constructions of each of these
devices and does not need any further teaching with regard to
specific implementation details.

Various other improvements and modifications may be
made to the above without departing from the scope of the
present invention.

That which is claimed:

1. A method of compensating for camera shake compris-
ing:

reading a sequential series of images from an image sens-

ing array, using a controller;

storing image data from the image sensor array into a

buffer;

calculating statistics on the image data, using the control-

ler, to analyze a frequency variation across the image
sensor array;

after the buffer is filled to a predetermined point, establish-

ing a sharpness value for each image of the sequential
series thereof based on the calculated statistics, using the
controller; and

performing an image selection based upon each sharpness

value, using the controller;

the sharpness value being calculated for each image during

the reading.

2. The method of claim 1, wherein the image selection
comprises selecting a single image.

3. The method of claim 2, wherein the single image is an
image of the sequential series thereof having an optimal
sharpness value.

4. The method of claim 1, wherein a result of the image
selection is stored in a memory for presentation to a user.

5.The method of claim 1, wherein each image of sequential
series thereof are ranked in order of their respective sharpness
value and a plurality of images are presented to a user in
ranked order.

6. The method of claim 5, wherein one or more of the
plurality of images is selectable for permanent storage.

7. The method of claim 5, wherein the plurality of images
are displayed in a composite thumbnail view on a display
screen.

8. The method of claim 1, wherein a high sharpness value
corresponds to a high proportion of high frequency content in
the image.

9. The method of claim 1, wherein the image selection is
performed by writing image data into a buffer and controlling
contents of the buffer.
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10. The method of claim 9, wherein once a new image is
identified as having a sharpness value higher than a preceding
image, the buffer is enabled to overwrite previous image data
with new image data.

11. The method of claim 9, wherein an image compression
step is performed prior to the writing image data into the
buffer.

12. The method of claim 11, wherein a measure of a high
frequency content is calculated based on a size of the image
after the image compression step.

13. The method of claim 1, wherein the sequential series of
images comprises between five and fifteen images taken over
a time period between 100 and 1000 milliseconds.

14. The method of claim 1, wherein the sequential series of
images comprises ten images taken over a period of 300-350
milliseconds.

15. An electronic device comprising:

receiver circuitry to receive a sequential series of images

from an image sensing array during a single image cap-
ture event;

a buffer to store image data from the image sensor array;

a controller to

calculate statistics on the image data to analyze a fre-
quency variation across the image sensor array, and

after the buffer is filled to a predetermined point, estab-
lish a sharpness value for each image ofthe sequential
series thereof based on the calculated statistics, the
sharpness value being established for each image dur-
ing the single image capture event; and

output circuitry to output one or more images of the

sequential series thereof.

16. The electronic device of claim 15, wherein said con-
troller comprises image selection circuitry to select a single
image from the sequential series thereof to be output.

17. The electronic device of claim 16, wherein said image
selection circuitry selects the single image as an image iden-
tified as having an optimal sharpness value from among the
sequential series thereof.

18. The electronic device of claim 15, wherein said con-
troller comprises ranking circuitry to associate the sharpness
value with each image of the sequential series thereof and to
define a rank order, and wherein said output circuitry outputs
all of the sequential series of images.

19. The electronic device of claim 15, wherein said receiver
circuitry comprises a buffer to store part of an image.
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20. The electronic device of claim 15, wherein said receiver
circuitry, said controller, and said output circuitry define a
co-processor operable with the image sensing array.

21. The electronic device of claim 15, wherein said receiver
circuitry, said controller, and said output circuitry are inte-
grated on a same chip as the image sensing array.

22. The electronic device of claim 15, wherein said elec-
tronic device comprises one of a digital still camera, a camera
for use with a mobile phone, a mobile phone, a webcam, an
optical mouse, and a barcode reader.

23. An electronic device, comprising:

an image sensing array;

a signal processing apparatus comprising

receiver circuitry to receive a sequential series of images
from said image sensing array during a single image
capture event,
a buffer to store image data from the image sensor array,
a controller to
calculate statistics on the image data to analyze a
frequency variation across the image sensor array,
and
after the buffer is filled to a predetermined point,
establish a sharpness value for each image of the
sequential series thereof based on the calculated
statistics, the sharpness value being established for
each image during the single image capture event,
and
output circuitry to output one or more images of the
sequential series thereof; and

a baseband processor arranged to receive an output from a

signal processing apparatus.

24. The electronic device of claim 23, wherein said base-
band processor is configured to initiate a request for an image
or a series of images.

25. The electronic device of claim 24, wherein said base-
band processor further comprises a baseband controller to
rank the sequential series of images in terms of sharpness.

26. The electronic device of claim 25, wherein said base-
band processor comprises a baseband controller to store a
sharpest image of the sequential series thereof.

27. The electronic device of claim 23, wherein said elec-
tronic device comprises one of a digital still camera, a camera
for use with a mobile phone, a mobile phone, a webcam, an
optical mouse, and a barcode reader.
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